Objectives: Critical care is an expensive and limited resource, and short-stay critical care admissions may be treated in alternate, less costly settings. This study objective was to determine the proportion of critical care admissions with a short critical care length of stay (LOS) and identify the clinical characteristics and diagnoses associated with high and low rates of short-stay critical care admissions.
C ritical care is an expensive and limited resource, and some inefficiencies are associated with its utilization. 1 For example, justification and clinical benefit for admission to critical care units are not clear for some lower-risk conditions, such as stable diabetic ketoacidosis or gastrointestinal bleeding without shock. [2] [3] [4] [5] [6] Accordingly, some patient populations could be managed safely in alternate hospital settings, which in turn could help to decrease ED boarding times for other critically ill patients.
The need to identify such patients is increasing because of an aging population coupled with a lagging critical care workforce. 7, 8 Consequently, the need to preserve critical care resources is vital. One area to evaluate is short stays to critical care units because they potentially could be managed in alternate settings. Understanding the demographic and clinical characteristics among short-versus longer-stay critical care admissions will help to address the issue of resource utilization. This understanding could empower clinicians and hospital administrators to more effectively use critical care beds and in turn partly alleviate emergency department (ED) boarding times for those awaiting critical care admission.
Prior investigation to describe short-stay critical care admissions in the United States is limited. Therefore, the primary objective of our study was to determine the proportion of critical care admissions with a short critical care length of stay (LOS) and identify the clinical characteristics and diagnoses associated with high and low rates of short-stay critical care admissions. Secondarily, we examined diagnoses among the shortstay subset that did not require a measurable duration of hospital care following their critical care because they may signify an even lower-risk population.
METHODS

Study Design
This study was a secondary analysis of the Healthcare Cost and Utilization Project (HCUP) 2011 Maryland State Inpatient Database (SID). This project is designed by a federal-state-industry partnership sponsored by the Agency for Healthcare Research and Quality (AHRQ). The Colorado Multiple Institutional Review Board exempted review of this analysis as "not human subjects research."
Data Collection and Processing
Methodologic details for this database are described elsewhere. 9 HCUP represents the largest collection of all-payer hospital care data in the United States. It covers a broad range of health-related issues from outcomes on the state and local levels to the quality of healthcare programs. The SID is a collection of abstracts from participating states that includes all hospital discharges during the calendar year. We selected Maryland SID for this analysis due to the availability of critical care unit LOS, in addition to hospital LOS data.
Maryland critical care units were defined as facilities that provide increased levels of care for higher-acuity patients, including coronary care, intensive care, and shock trauma units. Critical care duration was defined as the combined LOS (in days) in one or more critical care units. For this analysis, only adult (≥18 years) admissions from the ED were included. Transfers from outside acute care facilities or those transferred to another facility during or after 1 day were excluded. Admits to a critical care unit that died within 1 day were also excluded because transfers and those that died do not signify lower-risk patients. Additionally admissions to neonatal and pediatric intensive care units (ICUs) were excluded from this analysis.
From the Maryland SID data files, we analyzed demographic data (age, sex, race/ethnicity), source of payment, chronic conditions based on the HCUP comorbidity indicator variables, injuries, total charges incurred, hospital LOS, patient disposition, and hospital setting. Using descriptive statistics, we further identified primary hospital discharge diagnoses with the highest and lowest likelihood of short-stay critical care admissions and those diagnoses that were most and least prevalent among the short versus longer stay groups. The diagnoses were based on the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) manual and were categorized using Clinical Classification Software (minimum 150 discharges with Clinical Classification Software category) based on the primary (first-listed) hospital discharge diagnosis. To estimate the prevalence of shortstay critical care admission diagnoses for trauma patients, we performed a subgroup analysis limited to injury as the primary diagnosis based on a HCUP-provided indicator variable. Additionally, we examined short-stay critical care admits that also had short (≤1 day) overall hospital stays to identify a subgroup that did not require substantively longer hospitalization after critical care unit discharge.
Statistical Analysis
All analyses were performed using Stata 12.1 (StataCorp). Using Maryland SID data files, we described patient demographics and clinical characteristics via basic descriptive statistics. Critical care and hospital LOS is provided in days (by integers) based on the number of midnights spent. Short stay was defined as ≤1 day of critical care and longer stay as ≥2 days. using these definitions, we described the prevalence of short-stay critical care versus longer stay among critical care admissions. We deemed inferential statistics and formal sample size calculations unnecessary because there were no specific a priori hypotheses to be tested, the sample size was large (increasing the risk for statistically significant differences that were clinically insignificant), and observations were not independent but could not be clustered (the same patient may have multiple admissions). Instead, we focus on clinically significant differences in this descriptive analysis.
RESULTS
In Maryland 2011, a total of 30,212 critical care admissions fit our selection criteria. Short-stay critical ACADEMIC EMERGENCY MEDICINE • October 2017, Vol. 24, No. 10 • www.aemj.org care admissions totaled 11,494 (38.0%) with a mean (AESD) overall hospital LOS of 4.1 (AE4.7) days. Demographic characteristics of short-stay admissions versus longer-stay admissions are presented in Table 1 . Compared to longer-stay critical care admissions, short stays were more likely to be younger and female and less likely to have a private payer source and multiple chronic conditions. Short stays were more likely to have a routine discharge to home and less likely to die or be discharged to post-acute care facilities.
Figure 1 examines those diagnoses with the highest and lowest proportion of short-stay critical care admissions. The diagnoses with the highest proportion of short-stay critical care admissions were nonspecific chest pain (87.9%), syncope (70.6%), transient cerebral ischemia (67.8%), coronary atherosclerosis (65.8%), and other injuries due to external causes (63.3%). The diagnoses with the lowest percentage of short-stay critical care admissions were respiratory failure (17.9%), sepsis (19.4%), aspiration pneumonitis (19.8%), intestinal obstruction without hernia (21.6%), and other liver disease (24.1%). Sepsis was the primary hospital discharge diagnosis with the highest prevalence of admissions among short-stay (7.8%) and longer-stay (19.8%) admits. Table 2 examines the diagnoses with the highest prevalence among short-and longer-stay admissions.
Among the injury subgroup, the diagnoses with the highest prevalence of short-stay critical care admissions were open wounds of extremities (81.8%); wounds of the head, neck, and trunk (74.2%); and femur neck fracture (69.1%). Figure 2 displays the overall prevalence of diagnoses in the injury subgroup and the proportion of those injury diagnoses that are short-stay critical care admissions.
Overall, 29.6% of short-stay critical care admissions also had ≤1-day overall hospital LOS (i.e., the short critical care stay comprised most/all of the hospital stay). Table 3 compares the diagnoses at discharge with the highest incidence rates for short-stay critical care admits with ≤1-day versus ≥2-day overall hospital LOS. Among admissions with short critical care and short overall hospital lengths of stay, the leading diagnoses were nonspecific chest pain (10.1%), cardiac dysrhythmias (7.2%), diabetes mellitus with complications (5.0%), myocardial infarction (3.5%), and congestive heart failure (3.2%). Among the short-stay critical care admissions that required a longer hospitalization, the leading diagnoses were sepsis (10.4%), myocardial infarction (8.6%), diabetes mellitus with complications (6.6%), cerebrovascular disease (4.6%), and congestive heart failure (3.7%).
DISCUSSION
We found that over one-third (38.0%) of critical care admissions from EDs in Maryland had a critical care LOS of 1 day or less. Further, 29.6% of those shortstay critical care admissions had an entire hospital length of 1 day or less. We identified conditions such The existing literature on short-stay critical care admissions is limited. In a single-center study of 304 short-stay critical care admits, Arabi et al. 10 reported that short-stay admissions comprised 27.8% of all ICU admissions. Our proportion (38.0%) and the proportion found in their study (27.8%) indicate that a short critical care LOS is common among critical care admissions. Major differences between these two studies include that our study had a larger sample size drawn from multiple hospitals, was based in the United States (vs. Saudi Arabia), and focused on more granular discharge diagnoses (e.g., myocardial infarction vs. broader systems classifications such as cardiovascular).
Additionally our analysis demonstrated that 29.6% of short-stay admits had a total hospital LOS of ≤1 day. Thus, while approximately two-thirds of critical care admissions required at least 1 additional day of hospital care, a substantial proportion did not appear to require substantively longer additional hospital care after discharge from a critical care unit. Admissions based on specified conditions with a high likelihood of short-stay critical care could potentially be suitable for the hospital floor or alternate care locations such as a postanesthesia care unit or an ED-based critical care unit. [10] [11] [12] These options have the potential to reduce the pressures on inpatient critical care units to discharge or transfer patients quickly. Creative utilization of clinical services needs to be explored to alleviate some of the burden that ICUs experience with short-stay admissions.
Our study further showed that conditions such as nonspecific chest pain (87.9%), syncope (70.6%), coronary atherosclerosis (65.8%), and cardiac dysrhythmias (58.6%) resulted in a high proportion of short critical care stays. While the reason that these cardiac conditions required critical care units is unknown, we speculate that some hospitals may admit these cardiac conditions to critical care units based on the need for telemetry, which typically in other settings would be designated for the hospital floor. Regardless, the opportunity to select these patients for alternate care settings exists and would result in less short-stay critical care utilization.
Also of interest were conditions such as diabetes mellitus with complications (58.5%), fluid and electrolyte disorders (52.4%), and asthma (45.8%). Encompassed in the designation for diabetes mellitus and fluid and electrolyte disorders are diabetic ketoacidosis and those admissions needing emergent dialysis, respectively. While some emerging algorithms encompass these diagnoses to identify appropriate candidates for ED-based short-stay critical care units, 13 approximately half of these patients required longer than 1 day of critical care. Therefore, additional measures are needed to risk stratify those patients who likely require a short duration of critical care.
Our study also showed that sepsis had the greatest incidence among both short-(7.8%) and longer-stay (19.8%) critical care admissions. This is supported by the high and growing prevalence of sepsis in critical care units. 14, 15 While concerns are often raised that some sepsis admissions to critical care units may be unnecessary/avoidable, less than one in five sepsis critical care admissions required a short duration of critical care. However, because sepsis is common and has an unpredictable clinical course, there is a need to identify lower-risk sepsis patients or those that could be stabilized and monitored for short durations in venues such as the ED without need for critical care unit admission.
Determining the routes to ease the demand on critical care is vital given it is a limited and costly resource being strained by an aging population. 7, 8 When critical care units operate at full capacity, there are major implications on patient flow as well as patient safety for the waiting critical care patients as well as other incoming patients. [16] [17] [18] Additionally, the financial health of hospitals can be negatively impacted when critical care units are filled to capacity and elective surgical procedures have to be canceled because of inadequate postoperative care capacity. 19 Our analysis is an initial step toward identifying conditions that could further be risk stratified and safely managed in alternate venues.
LIMITATIONS
A strength of our study was that we were able to determine prevalence estimates based on a large, diverse sample. However, there are several potential limitations to our study inherent to cross-sectional data and administrative data analysis. Errors may have occurred in the initial documentation, data abstraction, and coding. Further, the primary (first-listed) diagnosis may not reflect the primary reason for critical care admission. Additionally, the study is based on a single state (Maryland) and thus external validity may be an issue. Approximately 17% of Maryland's acute care beds are designated for critical Figure 2 . Diagnoses with the highest prevalence of short-stay critical care admissions when an injury is the primary diagnosis and the prevalence among critical care admissions when injury is the primary diagnosis (minimum 20 critical care admissions for diagnosis). care, and nearly all of Maryland's critical care admissions occurred in an urban hospital setting, which limits generalizability to more rural states. 20 Another limitation was our inability to establish uniform standards or physiologic criteria for critical care admissions. For example, while the most prevalent short-stay diagnosis was nonspecific chest pain, an increasing number of EDs have "chest pain" observation units, which preclude the need for critical care admissions. 21 One explanation for its relatively high prevalence among short stays is that some smaller hospitals may send patients needing telemetry and cardiac biomarkers to critical care units, while larger hospitals will monitor these patients in an observation unit or on the wards. However, from the data available, we are not able to verify that speculation. Further, critical care LOS was based on occupancy and may encompass stabilized patients that are boarding in critical care units awaiting general ward beds.
CONCLUSIONS
Short-stay critical care admissions are common and represent over one-third of all critical care admissions. We have identified conditions with a relatively high prevalence of short-stay critical care and hypothesize that many of these admissions could receive care in alternative venues to relieve pressure from crowded EDs and intensive care units. Longitudinal follow-up data on readmission rates, as well as morbidity and mortality among short-stay critical care admits, must be collected to determine safety. Further evaluation and risk stratification data will help inform clinicians and hospital administrators on how to optimize critical care resource allocation.
